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PROBLEM TO BE SOLVED: To improve the permanent magnet 
holder of a synchronous 

machine, simplify its construction, realize easy and low 
cost manufacturing 

method, and furthermore, securely position a rotor in a 
radial direction and in 

an axial direction by a simple method, when the rotor is 
assembled. 



SOLUTION: A holder 7 is constituted of two holding rings 
and 2a which 

surround a field system 9 at their centers. Both the 
holding rings la and 2a 

are pressed against each other, and furthermore, the 
outlines of the holding 

rings la and 2a are extended to the lower sides of nail 
poles 10. The holding 

arms 4 of the holding rings la and 2a whose number 
corresponds to the number of 

poles are bent and formed, so as to be extended into gaps 
and reach pole plates 

11 to support permanent magnets 8. Free ends of the 
respective holding arms 4 

have holding tabs 5 bent toward a rotor shaft. 



Furthermore, the holding tabs 5 

are positioned in grooves 6 which are formed in the 
respective facing inner 

surfaces of both the pole plates 11 at positions facing 
each other. 
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Claims 

1 . A synchronous machine characterized by the fact that it is a synchronous machine of a 
type which has a field system, this field system is composed of many single poles magnetized 
electrically within a rotor, these single poles are formed as nail poles magnetized by the 
aforementioned field system, in particular, a common field coil, A plurality of permanent 
magnets are inserted within the gaps between the nail poles oriented in the axial direction of the 
pole plates disposed at both ends in the axial direction of the aforementioned rotor in order to 
compensate the stray flux, and these permanent magnets are supported by one holder and held by 
this holder to counter the centrifugal force and axial directional force, wherein holder (7) is 
constituted from two non-magnetic holding rings (la) and (2a) that surround field system (9) at 
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their centers, these two holding rings mutually contact each other, the outlines of the 
aforementioned holding rings (la) and (2a) are extended to the lower sides of nail poles (10), the 
number of holding arms (4) corresponds to the number of poles are bent and formed so as to be 
extended into the gaps and to reach pole plates (11) to support permanent magnets (8), the free 
ends of the respective holding arms support holding tabs (5) bend towards the rotor shaft, and 
holding tabs (5) are positioned within grooves (6) formed in correspondence to the mutually 
opposing inner surfaces of pole plates (1 1). 

2. The synchronous machine according to Claim 1, wherein holding tabs (5) reach the 
end surface area of field coil (9). 

3. The synchronous machine according to Claim 1 or 2, wherein grooves (6) have a back 
tapered part in the radial direction, and moreover, the shape of holding tabs (5) is conformed to 
the shape of aforementioned grooves (6). 

4. The synchronous machine according to any item in Claim 1 to 3, wherein holding rings 
(la) and (2a) are fabricated as punched-and-bent members together with holding arms (4) and 
holding tabs (5) from a non-ferromagnetic material capable of being welded. 

5. The synchronous machine according to Claim 4, wherein holding tabs (5) positioned 
within grooves (6) are welded to pole plates (11). 

6. The synchronous machine according to Claim 4, wherein if the rotor has gaps of equal 
widths between nail poles (10) that are parallel with respect to the center axis of the machine, 
holding arms (4) and holding tabs (5) are extended in the radial direction from holding rings (la) 
and (2a) and bent twice at a right angle (Figure 1). 

7. The synchronous machine according to Claim 4, wherein if the rotor has gaps of equal 
widths between nail poles (10) that are tilted at mutually different degrees of inclination with 
respect to the center axis of the machine, holding arms (4) and holding tabs (5) are constituted by 
providing a tilt to holding rings (la) and (2a) to correspond with the aforementioned degree of 
inclination and are bent. 

8. The synchronous machine according to any item in Claims 1 to 7, wherein holding 
rings (la) and (2a) are placed parallel to each other so that holding arms (4) move alternately. 

9. The synchronous machine according to any item in Claims 1 to 8, wherein holding 
rings (la) and (2a) form receiving parts for permanent magnets (8) arranged fore and aft in two 
phases at each gap to be interdependent with holding arms (4) and holding tabs (5) of holder (7) 
(Figure 6). 

10. The synchronous machine according to any item in Claim 7 to 9, wherein holding 
rings (la) and (2a) each has between the adjacent gaps, a ring section that is bent to cross the 
vertical axis of the aforementioned gaps (Figure 6). 
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1 L The synchronous machine according to any item in Claims 1 to 10, wherein 
permanent magnets (8) are held within holder (7) by adhesion, shape mated connection, or 
frictional connection. 

12. The synchronous machine according to any item in Claim 1 to 1 1, wherein until the 
side of nail pole (10) that faces field coil (9) reaches the center of nail pole (10) from pole plate 
(1 1), an upward gradient is formed with a steeper tilt than the section of the aforementioned side 
that reaches pole plate (1 1) (Figures 12 and 13). 

13. The synchronous machine according to any item in Claim 1 to 12, wherein the section 
in the axial direction of holder (7) has a carved part or a stopper and the aforementioned carved 
part or stopper is positioning permanent magnet (8) composed from a plurality of magnetic 
layers (Ml), (M2), and (M3) in the axial direction or electromagnet (8) having grooves in the 
axial direction (Figures 14-16). 

Detailed description of the invention 
[0001] 

Technical field to which the invention pertains 

The present invention relates to a synchronous machine, in particular, a generator for an 
automobile which has a field system. This field system is composed of many single poles 
magnetized electrically within a rotor, and these single poles are formed as nail poles magnetized 
by the aforementioned field system, in particular, a common field coiL A plurality of permanent 
magnets are inserted within the gaps between the nail poles oriented in the axial direction of the 
pole plates placed at both ends in the axial direction of the aforementioned rotor in order to 
compensate the stray flux, and these permanent magnets are supported by one holder and held by 
this holder to counter the centrifugal force and axial directional force. 

[0002] 
Prior art 

The aforementioned type of synchronous machine was publicly disclosed based on the 
specification of German Utility Model Registration Number 8905353. In this case, the permanent 
magnets are held to counter the centrifugal force with a holding plate within the gaps between 
the mutually opposed nail poles. Whereas the aforementioned holding plate is positioned by 
being inserted into the extended part of the nail poles on the circumferential side, on the side 
biased to the center axis of the machine, it is supported on a non-magnetic sleeve that surrounds 
the field coil. In order to incorporate the permanent magnets in the manner described above, the 
parts will cost a lot due to the number of poles in a synchronous machine. Also, the assembly 
cost will be high due to the holding plate. As a consequence, the manufacturing cost for the rotor 



of a synchronous machine naturally will be high. Furthermore, the impact force in the axial 
direction has not been dealt with sufficiently in the permanent magnets. 

[0003] 

Also, inserting U-shaped permanent magnets between the field coil and the nail poles is 
already publicly known as disclosed in the specification of U.S. Patent Number 5543676. In this 
case, the two side legs of the aforementioned U-shaped permanent magnets are guided into the 
gaps between the nail poles. These permanent magnets reach only to the center point of the gaps 
in the axial direction. The reason for this is that one permanent magnet is inserted from each 
extreme end of one nail pole. 

[0004] 

Also, a meandering shaped and ring shaped holder for the permanent magnets is also 
publicly known. This holder is fabricated beforehand as a unit and when assembling a rotor, the 
aforementioned holder is mated with a pole piece having a field coil before mounting the pole 
plates together with the nail poles thereof from both ends in the axial direction. In this case, the 
nail poles are guided into the receiving part that is opened in the axial direction of the holder as 
disclosed in the specification of UK Patent Number 2281665. This publicly known holder has a 
complex structure and a high manufacturing cost. In addition, the permanent magnets and the 
holder are not sufficiently protected against the centrifugal force and impact force in the axial 
direction. 

[0005] 

Problems that the invention is to solve 

The problems in the present invention is to make an improvement on the holder for the 
permanent magnets in a synchronous machine described at the beginning of the specification, 
simplify the structure, make the manufacture easy and low in cost, and securely position the 
holder in the radial direction and the axial direction by a simple method during the assembly of a 
rotor. 

[0006] 

Means of solving the problems 

In order to solve the aforementioned problems, the constitutional means of the present 
invention is characterized by the fact that the holder is constituted from two non-magnetic 
holding rings that surround the field system at their centers. These two holding rings mutually 
contact each other, and the outlines of the aforementioned holding rings are extended to the 
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lower sides of the nail poles. The number of holding arms corresponds to the number of poles. 
The holding arms are bent and formed so as to be extended into the gaps and to reach the pole 
plates to support the permanent magnets. The free ends of the respective holding arms support 
the holding tabs bent towards the rotor shaft, and the holding tabs are positioned within the 
grooves formed in correspondence to the mutually opposing inner surfaces of the pole plates. 

[0007] 

Both of the holding rings can be fabricated easily and at a low cost as punched-and-bent 
members together with the holding arms and the holding tags. The holding rings are formed with 
one receiving part, wherein the three sides are closed, at each gap in interdependence with the 
holding arms and the holding tabs. The receiving part makes it possible to insert a rectangular 
parallelopiped permanent magnet into it The holding tabs are fixed along the pole plate so that 
the holder formed from two holding rings can be secured securely whether it be in the radial or 
the axial direction. The two holding rings are fabricated beforehand as a unit together with the 
permanent magnets and are fixed to the pole plates so that the holding rings can be fixed to the 
two end parts in the axial direction of a pole piece having a field coil. In this holder, only two 
simple punched-and-bent members are necessary and the assembling operation of these punched- 
and-bent members can be integrated easily into the assembling process of the rotor. 

[0008] 

In an embodiment, if the holding tabs are composed to reach the end surface area of the 
field coil, the permanent magnets are secured in the axial direction by the holding tabs. 

[0009] 

If the grooves have a back tapered part in the radial direction, the shape of the holding 
tabs are conformed to the shape of the aforementioned grooves, and the holding tabs are fitted by 
inserting into said grooves. The fixed joints between the holding tabs and the pole plates can be 
omitted. 

[0010] 

On the contrary, if the holding rings are constituted as punched-and-bent members 
together with the holding arms and the holding tabs and are fabricated from a non-ferromagnetic 
material capable of being welded, welding the holding tabs with the pole plates within the 
grooves is possible. 
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[0011] 

The point to give attention to in fabricating the punch ed-and-bent members is that if the 
rotor has gaps of equal widths between the nail poles that are parallel to the center axis of the 
machine, the holding arms and the holding tabs extend in the radial direction from the holding 
rings and bend twice at a right angle. However, if the rotor has gaps of equal widths between the 
nail poles that are tilted at alternately different degrees of inclination with respect to the center 
shaft axis of the machine, the holding arms and the holding tabs are designed by applying a tilt 
complying to the aforementioned degree of inclination to the holding rings and then bent. 

[0012] 

According to an embodiment of the present invention, the supporting function and the 
holder stability are improved in the holding ring area by forming a projection part that projects 
inward or outward to the holding ring between the holding arms and applying a bent part to the 
aforementioned projection part. 

[0013] 

If the holding rings are fabricated beforehand as a unit together with the permanent 
magnets and the pole plates, holding rings can be disposed parallel to each other so that the 
holding arms directly move alternately by alternately integrating the opposing nail poles during 
the assembly of the rotor. In this case, the holding arms that move alternately cover the gaps 
between the pole plates. 

[0014] 

The holding rings form receiving parts for the permanent magnets arranged fore and aft 
in two phases at each gap to be interdependent with the holding arms and the holding tabs. 

[0015] 

According to an embodiment of the present invention, if the holding rings are composed 
to each have a ring section that is bent to cross the vertical shaft line of the gap between the 
adjacent gaps, rectangular parallelopiped permanent magnets that fill the receiving part of the 
holder as perfectly as possible can be used even if the gaps are tilted in reciprocal directions. The 
nail poles enclose the receiving part of the holder on both sides in the vertical direction after the 
assembly of the rotor. 



[0016] 

By holding the permanent magnets within the holder by adhesion, shape mated 
connection, or frictional connection, the holding strength of the permanent magnets within the 
receiving part of the holder is enhanced and the assembly becomes easy. 

[0017] 

If constituted so that until the side of the nail pole that faces the field coil reaches the 
center of the nail pole from the pole plate, an upward gradient is formed with a steeper tilt than 
the section of the aforementioned side that reaches the opposing pole plate, the output loss is 
minimized and it is possible to use holding rings having a relatively large width in the radial 
direction to create a lot of stability. Furthermore, the magnetic layers of the permanent magnet 
composed from a plurality of magnetic layers can have a step part in the radial direction for 
securing the permanent magnet in the axial direction by engaging with the carved part or the 
stopper of the holder. It is also possible to constitute the permanent magnet from one piece and 
provide a groove to the permanent magnet for engaging with the carved part or the stopper of the 
holder. 

[0018] 

Embodiments of the invention 

Next, embodiments of the present invention will be described in detail based on the 
drawings. 

[0019] 

Punching material (V) shown in Figure 1 is composed from holding ring (la) and a 
number of arms (3) which corresponds to the number of poles and the number of gaps extending 
radially from the circumference of this holding ring. It is also possible to integrally form 
projection parts (13) between aforementioned arms (3). Arms (3) are bent twice at a right angle 
and holding arms (4) and holding tabs (5) are formed as illustrated in Figures 3 and 4. Holder (7) 
for the rotor is composed from two punched~and-bent members (1) and (2), and both of these 
have the same constitution. First or second punched-and-bent member (1) or (2) of holder (7) is 
bent from punching material (1 ') shown in Figure 1 so as to conform with the rotor and in this 
case, the gaps are placed parallel to the center axis of the machine and have equal widths. 

[0020] 

After bending arm sections (4') and (5') twice, amis (3') of punching material (1 ') shown 
in Figure 2 can be tilted beforehand so that holding arms (4) and holding tabs (5) are formed as 
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shown in Figures 3 and 4. In this case, aforementioned holding arms (4) and holding tabs (5) are 
alternately tilted to conform with the nail angle of the synchronous machine like punched-and- 
bent members (1) and (2) shown in Figures 3 and 4. 

[0021] 

Punching material (V) and arm end section (5') can have different shapes as illustrated 
by Figure 2. Arm end section (5') is formed with a back tapered part in the radial direction and 
this back tapered part makes positioning of bent holding tabs (5) in the radial direction easy as 
will be explained later. It is possible to integrally form separate projection parts (14) and (15) to 
the inner circumference of holding ring (la) and these projection parts can be formed in various 
shapes and can be bent in order to improve the supporting function and stability of holding ring 
(la). 

[0022] 

As shown in Figure 5, punched-and-bent members (1) and (2) of holder (7) are 
conformed so that holding arms (4) alternately move directly in conformance with the gaps and 
fill the gaps from pole plate to pole plate. 

[0023] 

If holding rings (la) and (2a) are directly superimposed flatly, the gaps between nail 
poles (10) have an alternately different tilt. Hence, a problem is created in the shape of the 
permanent magnet since the shape of permanent magnets (8' ) has to fill the receiving part of 
holder (7) as perfectly as possible as shown in the figures. If rectangular parallelopiped shaped 
permanent magnets (8") are used, these rectangular parallelopiped magnets cannot fill the 
receiving part optimally. However, if holding rings (la) and (2a) of holder (7) are bent 
appropriately so that the sections of holding rings (la) and (2a) and the gaps are respectively 
crossed at a right angle at the lower area of nail pole (10), using permanent magnets (8"') having 
a rectangular paralleloppiped shape becomes possible and permanent magnets (8'" ) can fill the 
receiving part favorably as apparent from Figure 6. 

[0024] 

Field system (9) of the rotor in a synchronous machine equipped with a field coil and a 
pole piece is shown in the partial cross-sectional view of Figure 7. Stator (20) is arranged in this 
rotor, and this stator can be constituted according to the publicly known method. Two pole plates 
(11) having nail poles (10) formed integrally are assembled with the two portions of holder (7) 
before being mounted to field system (9). In this case, holding ring (la) and holding tab (5) are 
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positioned by being guided into groove (6) formed appropriately on the internal surface of left 
pole plate (1 1). For this positioning, mated connection by a back tapered part in the radial 
direction is sufficient. Holding tab (5) can be welded additionally or can simply be welded within 
groove (6) as suggested by weld part (16). Bent holding arm (4) form receiving part, wherein the 
three sides are closed, for permanent magnet (8) to be interdependent with holding tab (5) and 
aforementioned permanent magnet is held within the aforementioned receiving part by adhesion, 
shape mated connection, or factional connection. Nail poles (10) connected to holding arm (4) 
on both sides in the axial direction complete the aforementioned receiving part. Even to right 
pole plate (11), holding ring (2a) and permanent magnet (8) are provided in the same manner. 
These two units fabricated beforehand in the manner described above are fitted into field system 
(9) from the two end parts in the axial direction. At this time, nail poles (10) are mutually 
integrated and the gaps are covered with holding arms (4) of holder (7) that was assembled. 
Holding tabs (5) extend to the end surface area of the field coil of field system (9) hence in the 
final assembled position of pole plates (1 1), holding tabs (5) are positioned in the axial direction. 

[0025] 

Holder (7) integrated in rotor in the manner described above is securely positioned in the 
radial and axial directions even in the areas of holding rings (la) and (2a) and holding tabs (5). 
Permanent magnets (8) are held securely even during a high rotational frequency and only 
receive compressive stress. 

[0026] 

As shown in Figures 8 and 9, holding rings (la) and (2a) can be reinforced by applying 
an edge bending process to projection parts (14) and (15) formed integrally on the inside. 

[0027] 

As shown in Figures 10 and 1 1, it is possible to apply edge bending to aforementioned 
projection parts (13) so that projection parts (13) formed integrally between holding arms (4) are 
supported on the internal surface of nail poles (10) and by it enhance the stability of holder (7) 
against centrifugal force. 

[0028] 

If nail pole (10) has a continuous upward gradient angle (p k ) from pole plate (1 1) to the 
extreme end, specified value (Hr) for determining the dimension in the radial direction of 
holding rings (la) and (2a) is created as shown in Figure 12. If nail pole (10) first has a relatively 
large upward gradient angle ( p ki ) from pole plate (1 1) to the middle point, namely, to the 
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position of holding rings (la) and (2a) and then takes a relatively shallow upward gradient angle 
to the extreme end, a relatively large value (H R! ) is created for determining the dimension in the 
radial direction of holding rings (la) and (2a) as shown in Figure 13 if the other elements of the 
rotor are designed uniformly. 

[0029] 

As shown in Figures 14-16, the carved part or projection part at the section in the axial 
direction of holder (7) contributes towards positioning the permanent magnet in the axial 
direction. Permanent magnet (8) can be composed from a plurality of magnetic layers (Ml), 
(M2), and (M3) in a sandwiched form in the axial direction. The magnetic layers having steps in 
the radial direction can engage with the carved part or projection part of holder (7), and 
aforementioned carved part or projection part secures permanent magnet (8) in the axial 
direction. However, it is also possible to form permanent magnet (8) from one member, apply a 
groove to this, and engage the aforementioned carved part or projection part of holder (7) with 
this groove. 

[0030] 

The embodiments described above relate to a synchronous machine equipped with an 
inner rotor but the present invention can be applied even in a case of an outer rotor of a 
synchronous machine. The same can be said even with regards to the stator of a synchronous 
machine. 

Brief description of the drawings 

Figure 1 is a top view of the first application example of the punching section as the 
machining material for fabricating one portion of a holder comprised of two bent portions. 

Figure 2 is a top view of the second application example of the punching section as the 
machining material for fabricating one portion of a holder comprised of two bent portions. 

Figure 3 is a perspective view for one of the punched-and-bent member in a holder 
comprised of two portions. 

Figure 4 is a perspective view of the other punched-and-bent member in a holder 
comprised of two portions. 

Figure 5 is a perspective view showing both punched-and-bent members shown in 
Figures 3 and 4 in the assembling position. 

Figure 6 is a side view of the circumferential surface of a rotor. 

Figure 7 is a partial lateral cross-sectional view of a synchronous machine having a 
holder mounted with a permanent magnet and integrated within a rotor. 
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Figure 8 is a partial lateral cross-sectional view of the first embodiment of a holder ring 
of a holder for enhancing the support function and strength. 

Figure 9 is a partial lateral cross-sectional view of the second embodiment of a holder 
ring of a holder for enhancing the support function and strength. 

Figure 10 is a partial lateral cross-sectional view of the third embodiment of a holder ring 
of a holder for enhancing the support function and strength. 

Figure 1 1 is a partial lateral cross-sectional view of the fourth embodiment of a holder 
ring of a holder for enhancing the support function and strength. 

Figure 12 is a partial lateral cross-sectional view of the fifth embodiment of a holder ring 
of a holder for enhancing the support function and strength. 

Figure 13 is a partial lateral cross-sectional view of the sixth embodiment of a holder ring 
of a holder for enhancing the support function and strength. 

Figure 14 is a partial cross-sectional view showing the first embodiment for the 
permanent magnet structure and the axial direction positioning means. 

Figure 15 is a partial cross-sectional view showing the second embodiment for the 
permanent magnet structure and the axial direction positioning means. 

Figure 16 is a partial cross-sectional view showing the third embodiment for the 
permanent magnet structure and the axial direction positioning means. 

Explanation of reference materials 

(1). . .first punched-and-bent member, (1')- - • punching material, (la)... holding ring, 
(2). . .second punched-and-bent member, (2a). . .holding ring, (3), (3'). . .arm, (4). . .holding arm, 
(4'). . .arm section, (5), . .holding tab, (5 '). . .arm end section, (6). . .groove, (7). . .holder, (8), (8), 
(8"), (8"')* - .permanent magnet, (9). . .field system, (10). . .nail pole, (1 l)...pole plate, (13), (13), 
(15)... projection part, (16). ..weld part, (20)...stator, (Ml, (M2), (M3)... magnetic layer. 
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